By ROBERT MAGUIRE, M.D.
IT is proposed to discuss in this paper-(1) Certain matters concerning the nature and mechanism of oxaluria in general;
(2) A case which illustrates some of these and also oxalate stone formation, and in which it is claimed that an oxalate stone was dissolved in the urinary passages; and
(3) Some laboratory experiments in which the same process was successfully repeated in vitro.
PART I. It is known that the fresh normal urine contains a certain amount of oxalic acid, which can be determined as such after destruction or alteration of its salts. Its amount is small and by no means easy of estimation, but has been fixed, most recently by Dunlop [5] , at a medium of 0'0172 grm. for the twenty-four hours' secretion. Calcium, also, in comparatively loose combination, is present in the normal urine in quantity variously estimated at about 0 3 grm. to 0 4 grin. in the daily output. The affinity between this acid and this base is so keen that, if they exist together in solution, combination must be assumed to occur unless some powerful influence should intervene. Again, calcium oxalate is so extremely insoluble in water, or in a solution of ordinary salts so dilute N-13 as is the urine, that the compound would be expected to show itself as a deposit in one of its well-known crystalline forms, octahedra or dumbbells, immediately after the urine is passed. Yet the normal person shows no such regular deposit of calcium oxalate from his urine, although from time to time those who have no other apparent departure from health excrete urine which throws down a crystalline shower of this salt. Such deposits may be nothing more than a portion of the physiological content of the urine, extruded under the influence of ill-understood or unknown alterations of physical suspension or chemical solution. Not infrequently such showers alternate with others of crystalline uric acid suggesting that each may have its cause in an alternating disorder of metabolism. Further, these small vagrant and alternating showers of calcium oxalate on the one hand, and of uric acid on the other, are at times accompanied by slight nervous and dyspeptic symptoms, scarcely severe enough to attract the attention of their subject, usually, like the deposits, of short duration, and having no apparent connexion with the general health. Yet they must be due to a disordered mechanism and, in higher degree, may be of more serious import. Obviously, it is important to know the relation, if any, between these symptoms and the crystalline showers, and also why the very insoluble calcium oxalate, small in amount though it be, should be held up in ordinary urine, and yet at times deposited. The conditions just described do not overpass the limits of healthy variations, but may easily do so. The normal small excretion of oxalic acid, in spite of certain views to the contrary, is probably an accident or incident in the metabolism of carbon towards a higher or a more oxidized form. If there should occur such changes in the body mechanism as would cause excessive production of calciulm oxalate or of its immediate precedents, rather than of an otherwise developed and soluble carbon compound, then the normal means for maintaining calcium oxalate in solution in the urine would be overcome and deposit would be determined.
Calcium oxalate is practically insoluble in any solutions except those of the mineral acids, yet it may form no deposit in the presence of acid phosphate of sodium, to which the acid reaction of the urine is due. It is probably this salt which holds up from precipitation the small amount of calcium oxalate present in normal urine, and it continues to do so even if the acidity be neutralized. The exact method by which this is brought about is unknown, but I suggest that we have to. do, not with an ordinary process of solution, but with the formation of a soluble double salt of the two bases. Dunlop thinks that other substances in the urine may have a, similar effect, but he was unable to find them.
Any precipitation of oxalate of calcium. in the urine, beyond the slight occasional showers mentioned above, must be considered to be due to an exaggerated production, and is generally accompanied by an exaggeration of the nervous and dyspeptic symptoms. The deposit and the symptoms were grouped together by Begbie [2] into a " clinical entity " under the name of Oxaluria. Usually the symptoms have been thought to be the result of the conditions producing the deposit, but it is one object of this paper to show that the oxaluria is, sometimes at least, caused by the dyspepsia, and that this in turn is produced by mental overstrain, of which the nervous symptoms are an indication. In some cases, and, as I would maintain, in that to be presently described, mental and physical strain is the primary factor, causing atony of the stomach and colon, and a dyspepsia with obscure chenmical results; the chemical changes which occur as the result of the dyspepsia then lead to metabolic disorders which result in the excessive production and secretion of calcium oxalate, and to the deposit of the salt from the urine.
The association of a dyspepsia with oxalate urinary deposit has many times been insisted upon, but never, as I think, satisfactorily explained. Dunlop asserts that it is simply an acid dyspepsia with excessive secretion of hydrochloric acid, which favours the absorption of oxalic acid from food-stuffs. This assertion appears from his paper to be based on nothing more than a resemblance between the symptoms of such acid dyspepsia and those met with in oxaluria-an unreliable groundwork for an opinion. Against it is the fact that the dyspepsia which accompanies oxaluria is usually of the atonic kind, and, as in the case to be described, the stomach may be relaxed and dilated. Such a condition is not associated with excess of hydrochloric acid, but rather with fermentation and a late dyspeptic formation of lactic, butyric, and other fatty acids by decomposition. Dunlop gives two experiments to show that also lactic acid favours the absorption of oxalic acid from food-stuffs, but the conditions of the experiments were very different from those which obtain when lactic acid is produced in a dilated stomach by decomposition and fermentation some time after a meal. On the other hand, atonic dyspepsia with its accompaniments, and also true acid dyspepsia, in by far the majority of cases, are unattended by a deposit of oxalate in the urine, no matter what the diet may be; while, again, oxaluria, and even calcium oxalate calculus, may at times occur without any symptom of dyspepsia having been perceived. For this reason, I remark that the dyspepsia, when present, has obscure chemical results, upon which the copious literature of the subject gives absolutely no information. Yet in miany cases, as in that to be discussed, a causal relation between the dyspepsia and the oxaluria can scarcely be doubted.
The primary source of the deposited calcium oxalate has been much discussed, and most of the numerous views upon the subject which have been put forward may be thus summarized (1) Uric acid may by decomposition be transformed into oxalic acid, either within the system or in the urine after it has passed the kidneys.
(2) The oxalic acid may be produced from gelatin or mucus, either introduced with the food or formed in the stomach.
(3) The oxalic acid contained in a large number of food-stuffs may be simply absorbed and re-secreted.
(4) Deficient oxidation may cause retarded metabolism of any or all the food-stuffs, and so bring about the production of oxalic acid, instead of a more highly evolved compound.
All these views have been argued pro and con by many authors, usually with insufficient facts at their disposal, but the last view-that of retarded metabolism-first put forth by Beneke [3] , has been the most generally accepted, and seems at least to be the most consistent with the clinical appearances. Of recent years, however, the third view-that the oxalate is derived from the oxalates of the food-stuffs-which was originated by Cantani [4] , and supported in this country by Dunlop, has received renewed attention. Its principal basis seems to be that a larger number of vegetables than we suspected contain calcium oxalate, and that a purelymeat diet (Cantani), a purely milk diet (Dunlop), or a diet of bread without crust (Esbach) [6], will cause the disappearance from the urine of calcium oxalate of which a deposit had previously been found. Obviously, the premises are at least uncertain, for it may equally and even better be argued that these diets have simply removed the dyspepsia whose peculiar chemical results have caused the formation of oxalic acid. Further, other observers, especially Auerbach [1] , Wesley Mills [10] , and Petteruti [11] , have found even a considerable amount of oxalate deposit in the urine after a diet entirely devoid of oxalates. Toepfer [13] contributes an interesting, though not conclusive, observation.
He ascertained that in one of the large hospitals of Vienna not more than 5 to 6 per cent. of the patients showed any oxalate deposit in the urine. On certain days the general dietary for all patients contained spinach, sorrel, or other vegetables in which is a considerable quantity of oxalic acid, vet on those days there was no increase of oxalate deposit amongst the patients.
Those who hold the " alimentary oxaluria " theory seem to assume, whenever the point is in any way mentioned at all, that the oxalate of calcium is absorbed from the stomach, passed as such into the blood, and carried as such to the kidneys, to be there simply excreted. But Owen Rees [12] , whose view of the production of oxalate from already excreted uric acid was probably wrong, held strongly that it was impossible for such an insoluble salt to exist in the blood, and here he was certainly correct. There is a mechanism for maintaining a small amount of calcium oxalate in solution in the-urine, but this does not exist in the blood, and if it did it would be powerless to maintain in solution for carrying purposes the larger amount found in the urine in oxaluria when the imechanism of the urine itself is overpowered. Insoluble calcium oxalate can no miiore pass through the walls of the stomach than through those of the kidney, and still less can it exist in the blood. The presence of oxalate of calcium in the stomach, on the one hand, no matter how introduced there, and in the urine on the other, even in relative quantities, is no argument for the supposition that there is a direct connexion by the blood between the two " loci " of the salt, without the intervention of an intermediary compound. Nor is it less improbable that the intermediary compound is oxalic acid itself or one of its soluble salts. There are only two facts which even apparently support such a view. Sir Alfred Garrod [7] found calcium oxalate in the serum of a blister, but his patient was already suffering from the uric-acid diathesis, Bright's disease and pleurisy. Sir Alfred Garrod himself did not conclude that the oxalic acid had existed in the blood, and there -was no need for the elaborate discussion of Esbach to show that the occurrence could be otherwise explained. . Cantani is said to have found oxalic acid in the blood, but, as I have not had access to his original writing, I cannot criticize the conditions of the observationl.
Further, in spite of one or two opinions to the contrary, the amount of oxalic acid occurring at times as a calcium salt in the urine, if present in the blood in solution, and probably therefore in combination with another base, ought to call forth the serious nervous and other phenomena of oxalic-acid poisoning, while the nervous symptoms found in oxaluria are by no means of this nature. Dunlop, indeed, considers them to be identical with those of simple acid dyspepsia. Esbach himself swallowed 6 grm. of oxalic acid, and while it is certain that the whole of this was not absorbed, a considerable amount must have passed into the system, (3 Maguire: Oxalutria and Calciumn Oxalate Deposit for he found in his urine no less than 0181 grm., the highest determination ever made by the Neubauer method. Yet he says that he experienced no inconvenience from his huge dose, which is surely impossible if so large a quantity of oxalic acid had circulated in the blood in soluble form. Again, a soluble salt of oxalic acid circulating in the blood must of necessity reach the tissues which contain an excess of calcium. Calcium oxalate would be formed and, for want of a solvent, would remain there permanently. But while this salt has been found in various secretions, it has never been detected in the tissues; therefore, if oxalic acid is really carried in the blood, it must be in a non-poisonous form, and, although we have no direct observations at our disposal concerning the nature of this form, some experiments of Heymans [8] have given very suggestive results. Oxalic acid is the simiplest compound of its series, consisting merely of two carboxyl groups directly united. Heymans found that as the series is ascended by adding one or more nlethyl groups so as to formn- the poisonous properties of oxalic acid are gradually but greatly diminished, until t.he compound finally acts merely as an acid. Thus, on the frog, the poisonous dose of oxalic acid being represented by 1 cg., for malonic acid it is 2-2 5 cg., for succinic acid 4-5 5 cg., and for pyrotartaric acid 6-6 5 cg. Ascent in the scale of series is very common in metabolism, and may provisionally at least give us an explanation of the state in which oxalic acid is conveyed. Whatever may be the form which oxalic acid assumes for the purposes of circulation, the presence of calcium oxalate in the urine is not a mere effect of filtration or diffusion of a pre-existent substance through an animal membrane. Certain observations by Kobert and Kiissner [9] have a most important bearing upon this point. They found in experimental poisoning by oxalic acid that crystals of calcium oxalate were seen in the convoluted and straight tubes of the kidneys, where actual secretion takes place, but none in the glomeruli which are concerned chiefly with filtration and diffusion.
It would from these arguments seem probable that the effect of the dyspepsia when present is not to promote absorption of oxalates, but to produce one or more substances which so alter the inner metabolism as to provide the kidneys with such material as will produce calcium oxalate.
However distressing to the patient the symptoms which accompany oxaluria may be, they are nevertheless not of a serious nature in themselves. But when once existent as a deposit in the urine, calcium oxalate is a dangerous body, since its crystals can accumulate to form a calculus, either with or without the intervention of a mucous or colloid base, as insisted upon by Ord. The stone may consist entirely of calcium oxalate with colouring matter, as, I think, in the patient whose case is to be described; but more commonly the calculus contains a uric-acid nucleus, or may even be composed of alternate layers of oxalate and uric acid. The latter feature reminds one of the alternating showers of the two compounds already mentioned as occurring in simple deposit forin, and this point, as will appear, is not without importance in regard to treatment. The shape of the oxalate stone is characteristic -" inulberry-shaped,"as it is usually called, though " spiked " would be a more correct term. Though generally of small size, it is known to be the most irritating and painful of all calculi, is recognized as the hardest with which the surgeon can have to deal in lithotrity, and has hitherto been considered out of the reach of all solvent methods, which, it must be admitted, have not always been so successful as was hoped, even with more promising materials. I would maintain that in the following case (which illustrates some of the theoretical points mentioned above) I succeeded in dissolving an oxalate calculus whilst existent in the higher urinary passages of a patient, and with removal of all the conse4uent symptoms.
PART II.
Mr. X., aged 44, is an " insurance explorer," a profession which necessitates, at times, severe mental and physical fatigue. In the spring of 1907 he passed through a period of great overwork, anxiety, and sleeplessness, while occupied in settling the insurance claims arising from the West Indian earthquake, and in consequence suffered from what he called "nervous dyspepsia," a diagnosis which was probably more correct Maguire: Oxal'ria and Calcium Oxalate Deposit than he supposed. On returning to England a year later, he placed himself under the care of a physician, who treated his dyspepsia, and later discovered a pronounced oxaluria, then, it is said, in the form of a dumb-bell deposit. Subsequent haematuria and severe pain in the right flank, extending to the right testicle, made it probable that a calculus had formed in the upper urinary passages of the right side, but several X-ray examinations failed to demonstrate this. After consultation with another physician the patient was advised to go to Vichy in the month of August, where during a period of three weeks he took alkaline waters and a diet mostly composed of vegetables. Towards the end of the period he passed a small stone, which proved to be composed of oxalate of calcium, but his local symptoms were in no way relieved, his dyspepsia persisted, and his general weakness, ill-health, and loss of weight had increased. He. consulted me first on September 11, 1908, on his return to London.
The patient looked ill and worn. He complained of feeling weak, of loss of appetite, and of flatulent dyspepsia. The bowels were irregular, at times constipated, and at times loose. The pulse was of low tension and feeble force, the tongue was coated with a white fur, the stomach and the large intestine were distended with gas, and, about three hours after a meal, splashing on percussion was detected over the areas of the stomach and caecum. The patient complained of constant aching pain in the right flank, extending to the region of the sacro-iliac synchondrosis and down the line of the ureter to the right testicle and the inner part of the right thigh. The slightest movement accentuated the pain, even the act of turning in bed; whilst to walk a hundred yards would cause a " stabbing" pain in the same parts, which made further progress impossible without rest. Micturition was frequent, but not painful. The urine passed per diem varied in quantity between 35 oz. and 45 oz. It was neutral or slightly alkaline in reaction, had a specific gravity of 1015-1020, and on standing threw down a very copious deposit consisting of a little amorphous phosphate, but mostly of small octahedral crystals of calcium oxalate. Even on superficial examination it was evident that the amount of oxalate present could not be caused by mere deposition, but must be the result of great over-production.
The urine, even that passed after rest, was reddish in colour, and a red film covered the white deposit; blood-reaction was always to be obtained and red blood-corpuscles detected by the microscope. After movement, however, there was pronounced hmmaturia. The urine contained albumin, but at this time it could not be determined if this were due entirely to the haematuria or independent of it. A few ureteral cells and leucocytes were found in the deposit. The right kidney could be palpated and pressed without causing pain, but there was marked tenderness along the course of the ureter, this being accentuated to actual pain at a well-defined spot in the right iliac region. No distension of the pelvis of the kidney could be detected, and there was neither pain nor tenderness on the left side. At this stage of the case examination by the bowel gave no evidence of abnorinality at the base of the bladder.
The patient complained of feeling anxious and worried even when not in pain, and his sleep was short and disturbed, beyond the necessary awakenings caused by frequent micturition. He had general aching and vague pains in the limbs, and occasionally in other parts.
A diagnosis was made of (a) oxaluria from excessive production of calcium oxalate, this in turn being the result of disordered metabolism caused by the dyspepsia; and (b) an oxalate of calcium calculus, lodged in the right ureter. The symptoms and subsequent course of the case, I think, leave no doubt of the correctness of this diagnosis, even though the stone had not been detected by the X-rays. It must be remembered that an oxalate stone is usually small and produces symptoms in severity out of all proportion to its size. It is therefore easily missed by the radiographer, especially if situated low in the ureter, and the one small stone which had already been passed had, indeed, escaped his notice.
At our first consultation I hoped that the blood and pain might be caused by scratching of the ureter during the passage of the oxalate stone recently discharged, but the severity and persistence of the symptoms soon negatived this view.
Believing that the oxaluria and atonic dyspepsia were due to a state of low vitality and deficient oxidation, I prescribed absolute rest, as nearly as possible in the open air, with a liberal diet of white meat twice or thrice a week, a little champagne, and a nmedicinal course of dilute nitric acid and strychnine, with a tabloid of mixed digestive ferments at the beginning of each m-eal. An aloes and nux vomica pill each night and a dose of Carlsbad salts once a week were ordered to regulate the bowels.
The symptoms, apart from those of calculus, very soon lessened in severity. The appetite improved, the flatulence after food gradually disappeared, the stomach resumed its normal size, and splashing was no longer to be obtained in the gastric area. The colon still renmained distended with gas, and generally, at our consultations, splashing could be elicited over the ciecal area. The large bowel was clearly relaxed, while the stomach had resumed its tone. Almost pa' passu with the improvemiient in digestion the deposit of calciull oxalate from the urine lessened, until at the end of four weeks it was comparatively small in aml-ount. At this time the digestion appeared to be normal, and the colon, too, was no longer distended, though constipation persisted. The symptoms of stone, however, were as severe as before, the only difference observable being in the site of the severe pain. This was now deeper in the pelvis, and on rectal examination a distinct resistance could be detected to the right side of the base of the bladder, this spot also being tender. Palpation along the ureter brought out only tenderness where formerly it had produced pain. After micturition pain was somletimes felt at the end of the penis, but usually, as before, the pain radiated into the right testicle and down the inner part of the right thigh. Blood in the urine was constant and increased, like the pain, by the slightest movement, and a constipated nmotion also caused pain. I formed the opinion that the stone had slipped a short distance down the ureter and had now lodged near the entrance of the ureter into the bladder-almost in the bladder-walls. Copious neutral potations, hot hip-baths, massage along the course of the ureter, and a nmixture of belladonna and borax, taken by the mouth. all failed to give any relief. The patient, at mny request, muade several deterImined attemupts to dislodge the stone by sharp walks, bearing the resulting pain as best he could, but this only mliade matters worse. It seemued that no treat-Iment could be available other than removal of the stone by an operation, which would probably be severe. The patient, however, wished to avoid this if possible, and yet was desirous of starting on an it exploring'" expedition to Mexico early in the present year.
On examining the symptolms of the case, it is, I think, obvious that there must have been somne chemical connexion between the gastrointestinal dyspepsia on the one hand and the excessive production and deposition of calciuml oxalate on the other, such as that already discussed as being indicated in many cases of oxaluria. With sonme crude guesses as to the nature of this relationship, I wished to make some experiments on the subject, not with any hope of benefiting the patient, but inerely from medical curiosity. Now, there is no " clinical " or easy method for estimating the oxalates of the urine. Neubauer's method, which I determined to use, is the sinplest as it is the oldest, and the numerous improvements which have been nade upon it, while increasing its accuracy, have made it mlore elaborate and reiuoved it more from the use of the practising physician. But in its original form, with its repeated precipitations and washings and final delicate drying and weighing, some days are required for each estimation, though, of course, several examinations may, with care, be proceeding at the same timie. I soon found, however, that such determinations as I thought would be necessary to obtain the desired information would require that the analysis of the urine should be made at least twice, possibly six tinies for each daynamely, before and after each meal-and not only should the oxalates be estimated, but also the other constituents of the urine, or at least the nitrogenous contents. The composition of each meal also ought to be deterinined. This is impossible in ordinary practice, nor do I think it could well be done unless two or more persons co-operated in the laboratory work. Probably this is the reason why we are so lacking in precise information as to oxaluria, for I find that observers have hitherto confined themselves to an estimation of the oxalic acid in the twentyfour hours' urine. In the present case, too, the oxaluria and dyspepsia had practically disappeared before I had time to proceed far with such observations as I was able to make, or devise some easier mr-ethod of arriving at a result, which I think is quite possible. Knowledge of the chemical connexion referred to is of great importance and ought to be capable of attainment. I should certainly attempt the solution again, possibly by simpler means, if another occasion should present itself; but, so far, I have no results worthy of record.
But in making the analysis by the Neubauer method there is to be noted one error of experiment in particular which, though small, must be allowed for if the result is to be even approximately accurate. The acid phosphate of sodium normally present in the urine holds up a certain quantity of calcium oxalate, when, in the initial procedure, the oxalic acid is precipitated by calcium chloride. It therefore seemed to me feasible that if one could increase the acid phosphate of sodium in the urine, by giving large quantities of the salt by the mouth, one might possibly at least dissolve off some of the spikes of the oxalate calculus, and so facilitate its passage. I put this before the patient as an experiment, and he determined to give it a trial before resorting to an operation. He himself had some knowledge of chenistry, and gave me every assistance in collecting specimens of urine at various times of the day. Dr. Robert Hutchison has already shown that the administration of the salt causes considerable increase in the acidity of the urine, but it was necessary to know whether this was due to the actual presence of the salt in increased amount in the urine. This was ascertained by a trial dose, and will be further discussed in speaking of a later analysis. I ordered at first I oz., then 1 oz., and very soon 2 oz. of acid phosphate of soda, to be dissolved in 100 oz. of distilled water and drunk at frequent intervals during the twenty-foulr hours, but, as far as possible, remote from imieal tiines. For half an hour or so after each dose there wals considerable uneasiness in the abdomien, miiostly fromii flatulence, and a feeling of distension; but a little essence of ginger added to the solution relieved this to somiie extent, and it was never unbearable, considering the end in view. The patient himself tested the aciditv of the urine by litmus paper immniediately after each mnicturition, and occasionally forwarded me the whole of the urine passed at each m-icturition throughout the day. The acidity was increased about half an hour after taking each dose, and the snmall amouint of calciumn oxalate still being deposited seenied to be always diininished in the urine passed at this tiime. This observation, however, is, of course, too rough to be of any real value. The oxalate deposit disappeared entirely in about ten days. The blood in the urine gradually diminished and disappeared in about three weeks. The pain lessened gradually, but in six weeks there was no sign or symllptom of stone, the patient could walk ten to twelve miles and take severe gymnastic exercise without the slightest discomfort, nothing abnormal could be detected by the rectumii, and he felt quite well and in his usual spirits. On deep pressure over the course of the right ureter there was still a little tenderness, and the urine contained a smiall amtiount of albumin, somrle leucocytes, and a few cells of the ureteral epitheliuml. This state, I thought. was caused by ureterial catarrh, the result of the scratching of the epitheliumn during the passage of the spiked stone. No tube-casts were found, and the pulse and heart were norrmal, thus eliminating kidney disease. Reemedies seemiied to hcave no effect upon the condition, so all treatimient was stopped and the patient resumed his London work. He now presented hiiimself for life-insurance, putting his whole case before the comipany, and was accepted-of course at a slightly increased premniuml, seeing that his urine was not yet quite normal. At the beginning of March he started for Mexico. I had p)reviously taught him how to test the urine for albumin with the magnesium-nitric solution, and he has informred me at frequent intervals of his condition. One of his late coimmiilunications was that he had spent first three and afterwards four hours in the saddle on the samle day, most of the tinme galloping hard over rough ground. He had in no way been reminded of his former trouble, and having tested his urine before and after his ride, and also in the interval of rest, he had found no albumin. This healthy condition has been confirmed later on several occasions. It seems to me that there can be no doubt that in this case the impacted oxalate calculus was entirely dissolved by the acid phosphate of sodium. No stone was ever passed by the urethra, and I am sure that not the slightest grit could have escaped the attention of so observant a man. The stone, then, must have been entirely composed of calcium oxalate, which is not a very common condition.
PART III.
This clinical experiment was carried out in the urinary passages themselves, and consequently out of sight. As a control, it was desirable to repeat it outside the body in vitro under as nearly as possible the same conditions. An apparatus was therefore devised which is represented in the accompanying plate from a photograph ( fig. 1) .
A large receptacle contains fluid, which by means of an ordinary mercurial regulator is kept at a constant temperature of 420 C. The fluid is conducted out by a syphon-tube drawn to a point so arranged that between 45 and 50 oz. pass through in the twenty-four hours, and the fluid on leaving the tube was proved to have a temperature varying between 38' and 390 C. The end of the syphon-tube hangs into a test-tube of which the bottom has been removed and the end drawn out into a funnel whose exit is considerably smaller than the calibre of a ureter. Below this a beaker catches the exuding fluid with its contents. The arrangement thus gives an imitation of the passage of urine through a ureter from the kidney, and the beaker represents the bladder. The stone to be experimented upon should be of such a size as, when dropped into the test-tube, to lodge at the mouth of the funnel, and therefore larger than any likely to be found in a ureter. Any diminution of volume of the stone will be better gauged by its gradual descent in the funnel than by guessing its size with the unaided eye.
The fluid to be passed over the stone must be an imitation of the urine passed by the patient after taking a twenty-four-hour dose of the acid sodium phosphate, but it need not contain other ingredients of the urine than the two phosphates of soda, since, so far as we know, none other can influence the solvent action. Indeed the total urine would certainly decompose during a long experiment and would probably foul the stone, the large receptacle, and the tubes, thus causing an intermission of the flow.
To obtain the exact amounts required of the two sodium phosphates, after the patient had recovered and had for some days ceased treatment, I analysed his twenty-four hours' urine for the respective phosphates, and then, after giving him for two days 1 oz. of acid sodium phosphate daily, dissolved as before in 100 oz. of distilled water, I similarly estimated the phosphates of the urine passed on the second day of the administration. Only half his former dose of phosphate was given, for there was reason to think that the former maximum dose was unnecessarily large, and also it was desirable not to exaggerate the amnount of salt used in the control experiment. The amount of urine passed on the day in which no phosphate was given was 56 oz., and after the dose of salt it was 95 oz., and the half of this would probably pass through each ureter. The two specimens weie examined for total acidity, total phosphates, and the amounts of the respective sodium phosphates. The acidity was determined by titration with a decinormal solution of sodium hydroxide, using phenol-phthalein as the indicator, and the acidity was calculated in terms of dihydrogen sodiuqm phosphate and also of oxalic acid. The total phosphates were determined by uranium nitrate solution, the strength of which was controlled immediately before the experiment by a standard solution of ammonium phosphate, and the amount of phosphates present was calculated in terms of phosphorus pentoxide (P205). A 10 per cent. solution of barium chloride was then added to the urine to precipitate the monohydrogen sodium phosphate, and the remaining fluid, which contains the dihydrogen phosphate, was once more estimated for phosphate. The result, subtracted from the total phosphates, gives the amount of monohydrogen phosphate present in terms of P205. For convenience, the results of the analysis are given in tabular formn:-First uiine, 56 oz. In these figures there are certain points worth attention before proceeding further:
(1) The total amount of phosphates passed in twenty-four hours in the first specimen, which is presumably normal urine and which is estimated at 1 59 grm. (24 5 gr.), seems very small when compared with the relative figures given in the text-books, such as 3 5 grm. in terms of P205 (Neubauer and Vogel) and 48'8 gr. as salts (Parkes). I am certain that the older analyses are all vitiated by the fact that a stock solution of uranium nitrate was used for the analysis. Even recent hand-books give no warning against this error. But a solution of uranium nitrate rapidly changes on keeping, losing its power of precipitating phosphates, and unless its strength be controlled immediatelv before each experiment by a standard solution of ammonium and sodium phosphate, as was done in the estimations quoted in the table, the phosphates in the fluid to be tested will surely be over-estimated.
(2) As previously pointed out by Dr. Hutchison, the total acidity is greatly increased, in spite of the dilution of the urine. In fact, the percentage of acidity is as nearly as possible doubled.
(3) The acid sodium phosphate administered by the mouth actually. appears as such in the urine.
(4) The amount of dihydrogen phosphate in the urine is only a small proportion of Lthat administered. Doubtless much of the salt passed away by the bowels, but some of the difference is to be explained by the impurity of the drug as now dispensed, as will be presently mentioned.
(5) The monohydrogen phosphate of the urine is also greatly increased in amount. This is partly accounted for by the increased amount of fluid washing phosphate out of the tissues, but mainly it must be ascribed to a change in passing through the body of dihydrogen into monohydrogen phosphate.
To. ascertain the strength of solution required for the experiment, the percentage of phosphorus pentoxide (P205) found in the analyses must be translated into terms of dihydrogen and monohydrogen sodium phosphate respectively, and remembering that the molecule of P205 will form 2 molecules of each of the salts, we arrive at the composition of the required solution as:- But in attempting to prepare a solution containing this proportion of the respective phosphates, a difficulty arose which brought to light a fact important to pharmacists, and indeed also to those who may prescribe the dihydrogen sodium phosphate. The amounts as estimated necessarily refer to the theoretically pure and anhydrous salts, while those which are dispensed contain water of crystallization. It is easy to drive off this water, but the anhydrous salts are very hydroscopic and difficult to manipulate, while in the process of dehydration there is some risk of transforming a portion of the salts into the pyrophosphate, which has a greatly higher molecular weight. One may allow for the water of crystallization, and there is no difficulty in doing this in the case of the monohydrogen phosphate. This is a pharmacopceal preparation, and must perforce contain 12 molecules of H20. The text-books say that the dihydrogen sodium phosphate should have but one such molecule, but it is obvious from the appearance of the salt as supplied by the pharmacists that it must contain a great deal more. I applied to Mr. Caines, of Messrs. Squire & Sons, for information upon this, and he found that the compound contained at least 20 per cent. H20, and probably more, an amount inconsistent with a pure dihydrogen phosphate, and on analysis he found in it somne monohydrogen phosphate with an important amount of sodium sulphate. When given by the mouth this mixture of salts would be separated into its several parts, and clearly the total weight of the compound administered would not represent the amount of dihydrogen sodium phosphate desired for the experimental solution; while the sodiumn sulphate in so large a dose might cause unpleasant symptomis. The monohydrogen sodium phosphate of the pharmacopoeia will serve for our purpose when calculation is made of its 12 molecules of water of crystallization, but the dihydrogen phosphate must be prepared in fresh solution by neutralizing phosphoric acid with sodium hydroxide according to the formula-NaHO + H3P04 = NaH.PO4 + Ho0.
It is thereby found that the correct proportions ought to be obtained by the following procedure:
Weigh out 6-6 grim. of H, P04, conc. B.P.
Add 45 cc. of N Na HO. N Make up to 100 cc. with distilled water.
Dissolve in the liquid 8-2 grm. of Na.2 H P04, 12 H2), and make up to 142 cc.
Each volumne of this solution diluted with sufficient distilled water to produce ten volumes ought to give a solution of the same respective strengths of the phosphates as were found in the urine after the administration of the acid sodium phosphate. As a control the experimental solution was analyzed by Mr. Caines in the same wav as the original urine and gave-Total acidity = 5-3 grm. Na H., PO,.
Total phosphates = 3-337 ,, P., 0;. Na H., PO4 =1-775 ,, P0., . Na-, H P04 -1-562 ,-
showing that the solution was as nearly as possible that required.
Mr. Freyer kindly provided mne with an oxalate calculus which he had removed from the bladder, the photograph of which appears below. It was larger than any which could probably be found in a ureter, and after drying weighed 0,442 grm. This was L)laced in the apparatus and treated by the phosphate solution for six weeks, the same period during which the patient was under similar treatment. The stone was then N-14 obviously smaller, had changed in colour and shape, and had slipped down the funnel into a part much smaller in calibre than a ureter. In the photograph of the apparatus it can be dimly seen. It was of such a size and shape as would be easily passed through the whole of' the urinary passages, and possibly even discharged unperceived by an ordinary patient. The solvent process had become very slow in the last few days; after being dried the stone weighed 0 08 grm.
The photographs of the stone before and after the experiinent are here given (see figs. 2 and 3) .
The remnant of the stone was immersed in acetic acid for twentyfour hours to remove any phosphates, but this caused no apparent change. It was then similarly immersed in hydrochloric acid for the same period to remove any remaining oxalate of calcium, and this process caused the stone to shrink to apparently half the size, and, after washing and Calculus before experim-lent. Calculus after experiment.
drying, it weighed 0 032 grinm. The more powerful hydrochloric-acid solvent is, of course, inadmnissible in the living passages; but, I believe, that the same great shrinkage would have been effected by a more prolonged action of the phosphate solvent. The remaining portion of the stone was then powdered. A part treated by liquor potassa dissolved comnletely; the remainder dissolved in strong nitric acid on heating, and, after evaporation, gave with liquor ammoniae the characteristic murexide reaction of uric acid. Clearly, then, we had to do with a uric-acid nucleus upon which the oxalate stone had been built. It remains to prove that the calcium oxalate of the stone had actually been dissolved, for it might be objected that the stone had only been disintegrated by the 1,365 oz. of fluid which had passed over it, or that the alkali in the fluid had dissolved a uric-acid framework.
To detect oxalic acid in so dilute a solution as that which dripped from the test-tube funnel would manifestly be practically impossible; but the answer to the question is given by two observations.
A certain amount of very fine debris, almost dust, had been washed away from the stone. In the patient this would have been passed imperceptibly from the bladder, but in the experiment the whole had collected in the beaker below the funnel, and had been soaked for six weeks in the test solution. It was now collected on a weighed filter paper. It obviously contained the dark-brown colouring matter of the original stone, and, as it would be difficult to analyze so small a quantity and separate mineral from organic matters, it was determined to weigh it after incinerating to destroy organic matter. The filter paper, with residue, was therefore incinerated on platinum foil, and the weight of the whole, minus the weight of the foil with that of a similarly incinerated paper, gave that of the ash as 0-129 grm. Doubtless some of this is due to the impurities which would fall into the apparatus from the air of the laboratory during a six weeks' exposure; but, even including this item of error, it is obvious that the loss of weight of the stone is not accounted for.
The experiment was repeated with a uric-acid stone actually removed from a ureter, and for which I am again indebted to Mr. Freyer. Before the experiment this weighed 0O32 grm., and it was treated in the apparatus by a similar solution of phosphates; but for this experiment the corresponding salts of potassium were used instead of those of sodium, as being more favourable to the solution of uric acid. At the end of three weeks the stone was paler, but to the eye otherwise unchanged, and it now weighed 029 grm. The difference in weight is no more than could be accounted for by the washing away of colouring matter, and it must be assumed that no uric acid was dissolved. Again, for convenience, the results of the experiments are given in tabular form Therefore the thesis is, I think, proved that a calcium-oxalate calculus can be dissolved, both outside the body and in living urinary passages, by acid phosphate of sodium in such a strength of solution as can be produced in the urine of the human subject by the administration per os of an easily supportable dose of the salt.
Since in the laboratory experiment successful solution was obtained by such a strength of phosphates as was determined in the urine after the admiiinistration of but 1 oz. per diemi of acid phosphate, it would seem unnecessary to exceed this amount as a dose, and thus the m-lore disturbing but still bearable effects of 2 oz., which my patient actually took, may be avoided. It would be desirable that a pure acid phosphate of sodiumn should, if possible, be used, instead of the mixed compound now dispensed as such.
Further, it must be renmeimlbered that a calcium-oxalate calculus rarely consists of that salt alone, although in all probability it did so in the case described, thus explaining why no residue was passed. The stone used in the laboratory experiment had merely a uric-acid nucleus, which, when deprived of the surrounding oxalate, would have caused no trouble in the urinary passages. But it is well known that stones occasionally consist of alternate layers of oxalate and of uric acid. It is conceivable, therefore, that in attempting to dissolve a stone one might have to alternate the solvent, removing the oxalate by acid phosphate of sodium, and possibly then dissolving the uric acid by alkaline potassium salts, as recoiiimmended by Sir Williami Roberts.
Finally, I would recommend that in all cases of prolonged deposition of calciumll oxalate in the urine occasional doses of acid phosphate of sodium snould be given to dissolve the deposit and so prevent the formation of a calculus. If " nervous" dyspepsia were the cause of the condition, the phosphate so given would do no harm; but whether if given continuously it would influence the production as well as the deposition of oxalate is a matter which is worthy of investigation, but on which I have as yet no information to cominunicate.
DISCUSSION.
Dr. ROBERT HUTCHISON said he had been very much interested in the paper, for the reason, if for no other, that it seemed to touch upon a subject which was of great interest in pathological chemistry-namely, the acids of the body and their relationships. That was a large subject, but he thought there was none which had more intimate clinical bearings or would prove to be of greater interest to physicians. Any attempt to elucidate it must therefore be very welcome. The paper might be divided into two parts: the theoretical part, which discussed oxaluria and its pathology in general; and the practical part, wherein the author described his case and the method of dealing with the oxalate calculus. The question of oxaluria in general opened up some very large and speculative questions, into which time did not permit him to enter fully. But he was one of that fairly numerous body who were profoundly sceptical about the existence of oxaluric dyspepsia, or the oxaluric "symptom-complex" at all; h1e believed the creation of that symptom-complex to be a work of the imagination. He believed that oxaluria never produced symptoms, except mechanically, resulting from its separation out in too great quantities from the urine. It was well known that the production of acid in the stomach meant an increase in the alkaline content of the urine, with the consequence that the calcium oxalate became less soluble and was thrown down. This might happen in any case in which an excess of acid was produced in the stomach. Another great difficulty in interpreting so-called oxaluria was that the mere deposition of even a comparatively large amount of calcium oxalate was no proof that an excess of it had been formed. The conditions which were favourable to solution were probably much more complex than ever Dr. Maguire seemed to suppose. He did not touch, for instance, upon the influence of the presence of magnesium salts in the urine, and there were, no doubt, other obscure factors. With regard to Dr. Maguire's case, he thought everyone would admit that he had proved the thesis which be had set out to establish: that by the administration of acid phosphate of soda one tended to dissolve out oxalic calculi. He, the speaker, found some years ago that the acid phosphate was by far the most potent means of increasing the acidity of the urine; more so, by far, than mineral acids. Anything which increased the acidity of the urine would of necessity dissolve and help to keep in solution, oxalate of lime; and so he was not surprised to find that Dr. Maguire, by giving acid phosphate of soda, was able greatly to increase the acidity of the urine, and finally to wash away the calculus. But whether that would be a method of treatment of general application was open to doubt, for if one administered acid phosphate of soda continuously, one would increase the acidity of the urine, and, although this would do good with regard to the oxalates, it would favour the deposition of uric acid. The author thought it might be possible to give acid phosphate until the oxalic-acid layer was cleared away, then to use alkalies to remove the uratic layers of a calculus. But one did not know when one had cleared away the oxalate layer and got down to the uricacid layer. Moreover, he did not think it was as safe as some people imagined to interfere with metabolism in that way. Acid phosphate of soda must appreciably reduce the alkalinity of the blood on its route to the kidney; and he did not think that to go on giving something which appreciably lowered the alkalinity of the blood was a procedure certainly devoid of disadvantages. It was conceivable that it-might increase the acid dyspepsia, and he had even thought it might facilitate the production of gout, although he must admit that when he was working with acid phosphate of soda and taking it himself, as well as giving it to others, he was never able to find any bad effect, except that in large quantities it tended to produce diarrhoea. He thought Dr.
Maguire had been rather unlucky in the preparations of acid phosphate of soda which he obtained commercially. It had been largely used at the London Hospital in cases of ammoniacal urine, and they had no difficulty in getting a substance which was chemically fairly pure.
Dr. BECKETT OVERY desirea to mention the observations he had made in examining urines for five or six years. They were purely observations on the urine, because he had not seen the majority of the patients. He could cordially endorse what Dr. Hutchison had said, because, on glancing through his notes before coming to the meeting, he concluded that at least 60 per cent. of people whose urines were examined had a certain amount of oxalate. There were two distinct kinds: the oxalate associated with showers of large crystals, which he concluded were the crystals to which Dr. Maguire specially referred; and a symptom-complex in which there was a large excess of indican in the urine, with a large number of tiny crystals of calcium oxalate. Therefore he thought the importance of calcium oxalate was entirely due to its mechanical effects. From a number of observations which he had made, he was sure people could be perfectly healthy and yet excrete a considerable quantity of oxalate. He asked whether Dr. Maguire had come across cases of albuminuria associated with a large quantity of crystals excreted. Last summer he had under observation the case of a man whose condition had been diagnosed as Bright's disease. He was aged 22, and when the urine was examined he found large quantities of calcium oxalate, but no casts. He looked up the books to see what was best to be done, but could find practically no reference to the matter, and so he put the patient on a mixture of sodium citrate and potassium citrate. He was thus able to reduce the albumin very much, also the amount of the oxalate deposit. He had examined the patient's urine regularly for three or four months; and found the albuminuria very much more marked after exercise. The patient had never had symptoms of stone, and he did not think a calcium-oxalate stone could be in the kidneys. He had been most carefully radiographed. He (the speaker) did not know anything about the chemistry of the matter, but he thought the disappearance of the oxalate must be due to the 60 gr. of citrate three times a day which had been administered. Acetic acid would not dissolve the oxalates; it needed hydrochloric. He asked in what form the crystals usually appeared; he believed there was a form which was oval. In some urines one found oval crystals, which were sometimes pigmented, but were not uric acid. On one occasion he sent some to Dr. Garrod, who thought them to be calcium oxalate. Since then, at times, he had come across similar crystals. Last night he found a number of them which dissolved in nothing but hydrochloric acid, and he believed they were oxalate crystals.
Dr. NESTOR TIRARD said Dr. Maguire and the profession would deserve congratulation if the conclusions which the author had put forward were proved on investigation to have a firm basis. Oxaluria was one of the most common conditions met with, whether one admitted the author's syndromes, or took it merely as disordered digestion, or as a cause of slight haematuria or slight albuminuria. In all those conditions one had met with oxaluria, and it was a condition which had proved difficult to treat. At present he felt somewhat doubtful as to how far the case described by Dr. Maguire could be definitely regarded as one of solution. He thought Dr. Maguire admitted it was possibly not so much solution as disintegration. He did not know that it mattered very much for practical purposes; one was as good as the other, whether it meant the removal of oxalic acid, or whether it favoured the breaking up of any concretions which might have been formed.
He had some doubt whether one could grant alternations of storms of uric acid and oxalic acid or calcium oxalate. He understood that Dr. Maguire suggested transformation of one from the other. That appeared scarcely consistent with what was known of the chemical composition of those bodies. Many practitioners had probably been in the habit of using acid phosphate of sodium and sodium phosphate in the treatment of cases of nervous dyspepsia, without, perhaps, any definite thought of its possible action as a solvent of oxalic acid. When he had administered the phosphate of sodium of the Pharmacopoeia, usually it had been with more idea of its purgative action than of its action on the urine, and he had employed the salt in that way for a good many years. If the acid phosphate could be used for the diminution of pain in cases of oxalic stone, they would be very much indebted to Dr. Maguire for his observations. But he (the speaker) would like more evidence of cases where the stones had been passed or had been seen by radiography. He admitted that in the present case the evidence of pain over the ureter and the history of hematuria appeared fairly conclusive; but pain and haematuria might possibly exist without a concretion of any magnitude.
Dr. MAGUIRE, in reply, said he could not doubt the existence of a symptomen-complex or, better, a "clinical entity " as defined originally by
Begbie under the name of oxaluria, and he thought that the great clinical observers of early times were nearly always right in their large generalizations. But oxaluria did not comprise slight showers of oxalic acid which might alternate with uric acid in the urine, and the term must be limited to a very pronounced condition, where there was so much oxalate of calcium in the urine as could not be a mere extrusion. Over-production oL' overabsorption must then have occurred, and he himself believed the condition to be due to over-production from altered metabolism. Metabolism was liable to be interfered with by every meal, and when it had been so far disturbed that the patient was passing large crystals of oxalate of calcium in his urine, and suffering from bleeding and irritation in his kidney, the result of stone, one need not fear to induce change of metabolism in the other direction so long as one did not adopt homieopathic doctrines. Owen Rees, many years ago, held the view that oxaluria was the result of transformation of uriC acid into oxalate after passage through the kidneys. He (Dr. Maguire) thought that this could occur, and so account for the rather extraordinary experience of a previous speaker, who found that 60 per cent. of patients deposited oxalate of lime crystals from the urine. On the other hand, an observer had said that only 5 to 6 per cent. of patients in one of the large hospitals of Vienna showed such deposit. He himself thought the relationi of those figures was clear, for the urine in the former observations must have stood for some timie, and thus decomposed. He doubted very much if the albuminuria which occurs in association with oxaluria depended on irritation by the crystals, for there was but little reason to suppose that crystals existed in the higher urinary passages in many cases. A more reasonable explanation was that the oxaluria was caused by deficient oxidation and deficient vitality; consequently there was a diminished circulation through the kidneys, which he believed was the pathological cause of by far the larger number of cases of so-called p)hysiological albuminuria. Occasionally such cases could be cured, but frequently they could not. With regard to the impurities in the acid sodium phosphate, he had tried three different specimens, and the matter would be furtlher investigated by Mr. Caines and put before the Pharmaceutical Society. There was no question that the acid phosphate of sodium -not the ordinary phosphate as supplied by the pharmacists, contained vastly more water of crystallization than it ought to do. The so-called normal phosphate, the di-sodium phosphate, ought to have tNelve molecules of water of crystallisation, to conform with the conditions of the Pharmacopoeia. But the acid l)hosphate of sodium, or dihydrogen phosphate, was supposed by chiemists not pharmacists-to contain only one molecule of water. Unless further investigation should be followed by its inclusion in the Pharrmacopwia, there was no guide as to what allowance must be made ini calculating the relationship between the anhydrous and crystalline forms. He thought Dr. Tirard was misunderstanding him as to the two phosphates of soda. He believed that it N-as Dr. Hutchison who first brought forward the acid pLosphate of soda to the notice of the p)rofession as an artificial acidifier of the urine.
